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I. INTRODUCTION 


This report covers our second year of effort on the task of 
optimizing landing trajectories of the Boeing 737. The primary consid- 
eration here Is the noise delivered to the population residing near the 
air terminal but passenger comfort, fuel consumption and time elapsed 
during the maneuver are also considered. 

The results of our efforts during the first year were (1) a digital 
simulation of the aircraft, (2) a noise model and (3) a passenger 
comfort model. During the second year, (I) the digital simulation has 
been made more efficient time-wise, (2) a population model for the 
Newport News-Hampton area has been developed (3) the noise model has 
been integrated with the population model, (4) the steepest descent 
optimization algorithm has been programmed and Is in the process of 
being de-buggod and (5) some constant glide slope trajectories Into 
Patrick Henry Airport at Newport Nows have been simulated, evaluated with 
respect to fhe performance index and their ground track plotted. 
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IL COMPLETION OF POPULATION MODEL 


!n our landing -trajectory optimization study, one of the most 
important considerations is aircraft noise. The noise term in the per- 
formance index is based on the number of people receiving objectionable 
noise and the duration of this noise. The noise model generates the 
"footprint" of the aircraft. This area then must be weighted with its 
corresponding population density. 

« 

The work on the population model was begun a year ago and was reported 
In U.Va, Report No. EE-4030- 101 -74 [I]. The model has now been co(npleted. 
For completeness the methodology utilized will be reviewed hero. 

The Newport News-Hampton area was selected as the first site for 
which to calculate optimal landing trajectories. Data on population 
were obtained from the U. S, Department of Commerce, Bureau of the 
Census. These data were in the form of maps with numbers assigned to 
each city block and to other types of bounded regions. Tables were 
available which permitted one to look up the population in each of these 
regions. These regions were of various sizes and shapes, thus necessi- 
tating some preprocessing of the da fa before storing it in the computer. 
Figures 2.1 through 2.3 Illustrate the form of the data. 

The approach utilized was to place over the population map a 
transparent sheet on which had been drawn a grid of rectangles each one 
having an area of one square mile. All the blocks or regions inside a 
rectangle were tabulated, the corresponding populations determined and a 
final total calculated for this rectangle. In this manner the population 
data were converted' to numbers on a uniform grid. This obviouSTy is much 
more suited to the optimization procedure than the original data format. 
Figure 2.4 illustrates the technique. 

The task was performed manual ly. To give an idea of the amount of 
work Involved, an area of 20 miles radius contains 1257 square miles. This 
means for a typical "near terminal area," the population must be tabulated 
and totaled for 1257 rectangles. Within each rectangle there may be as 
many as 100 blocks and or regions with the average being approximately 30. 
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Figure 2.1 An Aggregate of Census Maps for 
the Newport News-Hampton Area 
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Figure 2.3 Tabular Census Data 














Figure 2.4 


Illustration of the Overlay Technique for 
Determining Population Within One Square Mile 
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This moans that approximately 40,000 numbers had to bo processed 
to obtain the population model for a single terminal area. Figure 2.5 
shows the finished product for one region of the Newport News-Hampton 


area. 







































III. fNTEGRATION OF POPULATION MODEL AND NOISE MODEL 

A. Introduction 

The subroutine called "Noise’’ computes the coordinates of the contour 
of the nolsG footprint given the attitude, altitude and thrust level of 
the aircraft. A typical footprint superimposed on the population model 
Is shown In Figure 3.1. For the population blocks which are compl.etely 
enclosed within the footprint. It a simple matter to determine the 
number of persons affected by 70 db. or more of noise. However, for 
the population blocks which lie partially Insldo and partially outside 
the footprint contour, the problem more complex. And when one 
considers the fact that this calcularlon will be performed once every 
second during the forward Integration of an approach trajectory and 21 
times every second during the backward Integration of the adjoint vectors 
required for the trajectory optimization, the need for efficiency Is 
appreciated. Actually, It was originally planned to calculate the 
noise at every Integration step or each .1 second. However, the con- 
tinuity of the population distribution and tho relatively low speed of 
the aircraft have permitted the less frequent calculations. 

B. Time Saving Approximatio ns 

The subroutine for calculating the number --f people inside tho 
contour begins by selecting the equations for one quadrant of the noise 
contour and varying y In Increments of 500 feet. This continues until 
a point of Intersection of the noise surface with the ground is found. 
Suppose point I In Figure 3.1 Is this first point. The procedure checks 
to see which population block this point Is In. The x coordinates of 
the population boundaries intersecting the line Joining the two 
noise contour points are determined and stored. The sub-area within 
each population block is then taken to be 100 feet times the lengths 
of the path Just calculated. These areas are then weighted with the 
respective population densities. Next, y Is Incremented by 100 feet, 
point 2 Is determ I ned,^and the procedure Is repeated. 
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When the Intersection of this quacironi of the noise model Is 
completed, the next quadrant Is considered. Previously all four quadrants 
had to be considered; however, a simple test was Introduced based on the 
altitude, thrust level, roll angle and pitch angle of the aircraft. If 
this test Is failed, than the two upper quadrants of the noise model need 
not be considered. This simplification along with the approximation of 
the area strips as rectangles, rather then trapezoids or triangles, has 
reduced the computation time required to one third of Its original value. 
The average time presently required to determine the number of persons 
Inside a noise footprint Is 28 ml 1 1 Iseconds. 

C. Ground Track 

Besides know!'-^ the number of people affected by the noise and 
Integrating thl » wit'.i respect to time, It Is also desirable to have a 
graph -of the ground track of this footprint. This envelope Is obtained 
by determining the outer extremes of the footprint at every point In time 
and then passing lines through these points. The information obtained 
thusly Is Important In giving Interpretation to the optimal trajectories. 


iV. PROGRAMMING THE STEEPEST DESCENT OPTIMIZATION PROCEDURE 
A, Outline of Steenest Descent 

The method of steepest descent was first applied to optimal control 
problems by Bryson and Denham IZ] . For the convenience of the reader 
and to clarify the notation to be used the main results are presented 
hero. 

’ The equations of motion along with a differential equation for the 
performance Index are written In state variable form 

X = ftX,U) (4.1) 


The last component of X evaluated at final time is the performance Index. 
Said differently, after one has chosen a performance Index 


<|>(X(T^)) 


0 


L(X,U)dt, 


then let 


(4.2) 


X ^ = L(X,U) 

n+l n+l 


(4.3) 


with 



The remaining components of the state vector differential equation 
are the description of the system I'o be controlled which in our case Is 
the aircraft. If these equations are of order n, then equation (4.1) 
will be of order n+l. It is important to realize that Xi through X^ 
do not depend on X^^j although X|^^| may depend on Xi through X^ as wel l 
as U. 
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Along with the performance Index there may be boundary conditions 
which must be satisfied at t^. These boundary conditions are written 
as the scalar equaflon 


i|)(X(t^)) = 0 . (4.4) 

Also If t^ is not prespecified one must formulate a stopping 
condition to establish t^. This takes the form of the scalar equation 

n(X(t>)) = 0 (4.5) 

t 


An Initial estimate of the controi history is made and equations 
(4.1) are integrated forward In time until the stopping condition (4.5) 
Is satisfied. Then an Iterative procedure Is used to successively drive 
ij;(X(t^)) toward zero and simultaneously minimize i}»(X(t^)). 

The Iterative procedure requires the backward Integration of the 
following n x I vector differential equations 


% = “ 


(4.6a) 

(4.6b) 


and 


= - ( 


li 

3x 


T 

) xn 


with boundary conditions 

X^(tf) = [3<j.(x(t^))/3x(t^)]^ 

X^(t^) = [3t(x(t^))/3x(t^)]^ 


(4.6c) 


(4.7a) 

(4.7b) 
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and 


= [an(x(t^))/3x(t^)] . 


(4.7c) 


The control for the next Iteration Is given by the m x I vector 
equation 

1/2 


u = u , . - W"i(yJ - yI I’{'<^/i#)[ -v!/ - 
new old 


(4.8) 


where the m x I vector 




(4.9a) 


the m X I vector 




(4.9b) 


the scalar 




the scalar 


t. 


” J vTw'^Y.dt, 

'I"!' 0 


and the scalar 
t. 


■I.. = / ’ yV 'Y^ dt. 


0 


f 'f 


(4.10a) 


....(4.10b) 


(4.10c) 


The change Ir. control during an Iteration Is limited by selecting 
the scalar 


■14 . 


(4.11) 


'f X 

dp2 = / 6U WfiUdt. 

0 

This constraint when properly used ensures that linearizations upon 
which the Iterative procedure is based will be valid. The scalar 
quantity di|i Is the amount of reduction In i|j(x(t^)) which one seeks during 
a particular Iteration. If the radical of (4.8) Is negative then one 
has asked for too much reduction In i|^ for the change In control permitted 
by (4.11) and di|» must be reduced until the radical Is positive. Within 
the accuracy of the linearization the control given by equation (4.8) 
will then yield the change in iJj specified and use the remaining freedom 
allowed by equation (4.11) to reduce if>. 


B. Partial Derivative Calculation 

The calculation of the n x n partial derivatives Df/3x and the n x m 
partial derivatives 8f/3u required In equation (4.6) and (4.9) may bo 
accomplished analytically or numerically. If accomplished analytically 
it still requires evaluation of the n^ elements of 9f/3x and the n x m 
elements of 3f/3u at every point In time. This is seen from the 
following 


afj/axi, 9fi/3X2, 


9f/3x = 


9fl/8x^ 


(4. 12a) 


8f^/3Xi, 3f^/3X2, 


3f /ax 
n n 


X,U 


and 
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3fl/3ui, 


3f i/3U2» 


3f/3u = 


3f /3U,, 3f /SUn, 
n n 


3f l/3u 


rn 


n m 


x;u 


(4.12b) 


If accomplished numerically, by finite differences, n+(nxn) + (nxm) 
evaluations are required. This is seen from the following 


3f 

3)T 


j f|(Xi,X2,...,X, + AX.,...X^,U) - f^(Xi,Xa,...,Xj...X^,U) 


AX, 


(4.13a) 


and 


3f^ f^(X,Ui...,U(^ + " fj^(X,Ui,...,U^,...,U^) 


The number of calculations for the two methods is almost equal. 
Furthermore non-ana I yt lea I data such as that from wind tunnel can be 
used much more conveniently via the second method. Also opportunities 
for programming errors are fewer if the second method is used. For these 
reasons the partial derivatives are determined numerically. 


C. Memory Storage Requirements 

It is seen from equations (4.6), (4.8) and (4.9) that the values 
of X and U must be stored at every point in time during the forward 
integration. If U is m x I, X is n x I and the time quantization is chosen 
as At, this storage requires (n + m)t^/At locations. Also from (4.3) 
and (4.9) it is seen that y. and y,. must be stored at every point in time 

0 it 

during the backward integration. This storage requires 2mt^/At locations. 
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1+ is important to not© that this At referred to as the time 
quantization is not necessarily the time stop for the numerical in- 
tegration. Rather It represents the time between changes in the control 
function. As was pointed out in Section Ilia time stop of .1 seconds 
was selected for the numerical integration. However If this value is 
used for the time quantization a run of 300 seconds with n = 13 and 
m = 9, would require (n + 3m)t^/At = 120,000 storage locations. 

To reduce this number to a more tolerable value It was decided to 
use a At of I second. This brings the storage requirements to 12,000 
and still allows a reasonably fast changing control. Experiments ware 
performed to confirm that 3f/9x and Sf/3u do not vary excessively during 
a one second interval. In fact some elements need be updated only every 
ten seconds. 

D. Numerical integration Method 

Initially, the fourth-order Runge-Kutta method was used for numerical 
integration of the differential equations describing the aircraft. This 
method was used because it is sel f-startlng, generally reliable and was 
familiar to the authors. However, because of the high order of the 
system and the amount of computation time required by the fourth-order 
Runge-Kutta procedure, other methods were considered. One method which 
appeared attractive was the MI Ine-Reynolds predictor-corrector technique 
[3]. This method requires values of the dependent variables for four 
previous points in time and cannot be used for start-up; however, it can 
be used after a method such as the Runge-Kutta has been used for a few 
samples. The advantage of the MI Ine-Reynolds method is that it,*requires 
only two evaluations of the right band side of the differential equations 
per Integration step whereas the fourth-order Runge-Kutta method requires 
four evaluations. With our differential equations being nonlinear and 
requiring table look-up of wind tunnel data, this evaluation is the most 
time consuming part of the numerical Integration. 

The Mi Ine-Reynolds method proved very accurate with deviations from 
the Runge-Kutta simulation occurring only after the fourth significant 
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figure. The computation time was reduced from 1.07 seconds per second 
of simulated time to .61 seconds per second of simulated time. This 
procedure Is the one presently being Implemented In our simulation of the 
aircraft. 


Some experimentation on step size was perfonned. It was determined 
that .1 seconds was the laijj'ist step which could bo used by either 
Integration method and still yield accurate results. 


E, Choice of Backward Integration Method 


For the nonlinear system under consideration (equation (4.1)) It 

was determined that the maximum Integration step size which yielded 

accurate results was .1 seconds. Assuming that this would also hold for 

T 

the Incremental model and realizing the eigenvalues of Of/3x) are the 
same as those of 9f/3x tells us that the maximum step size for equations 
(4.6) using the Mi I no-Reynolds methods would also be .1 seconds. This 
means that 10 Integration steps would be required between storage points. 
The Ml Ine-Reynolds method requires two evaluations of ■‘‘he right hand 
side of the differential equations for each Integration stop. This would 
be 20 evaluations for one second. Each evaluation requires the multipli- 
cation of the n X n matrix Of/3x)^ by the n x I vector or n^ multiplica- 
tions. Doing this 20 times per At and once for each of the three X 
vectors yields 60 n^ multiplications per I second of simulated time. 

Referring to equations (4.6) and (4.7) It Is noted that the three 
vector differential equations are Identical except for their boundary 
conditions. This suggests the possibility of effectively using the 
transition matrix as an alternate means of obtaining the so'utfons of 
these equations, i.e. 


A(t - At) 




(4. |4) 


Using a Fade approximation C4] to the matrix exponential one has 


Of/9x)^At _ (T _ 1 fl+j_ a2 -— ^ A3)-1(I + — A + — A2 + — ^ A^) 

G - II 2 10 ^ 120 “ ^ ^ 2 ^ 10 " 120 ^ 


(4.15) 
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where 


A = Of/3x)^At 


The PadQ approximation of (4.15) has one percent accuracy [4] up 

to X At = 2.8. The maximum eigenvalue of 8f/3x was estimated to be 2 
max 

which Implies that equation 4.15 will bo accurate for At 1 1.4 seconds 
and therefore will be satisfactory for the required At of one second. 

The number of multiplications required to compute equation (4.15) is 
4n^. To multiply the transition matrix by each of the three X(adjolnt) 
vectors requires an additional 3n^ multiplications. 

Thus to integrate the three adjoint vecotrs, equation (4.6), backward 
one second requires 4n^ + 3n^ multiplications plus the calculation of 
af/ax. This is to be compared with the 60n^ multiplications plus the 
calculation of 3f/3x required using the Mi I ne-Roynolds method. For 
n = 12 these numbers become 7,344 and 8,640 multiplications. Assuming a 
computation time of 10 usee per multiplication this Is a difference of 
.01296 seconds of computation per second of Integration. When compared 
to the time required for the determination of Df/3x which Is .364 seconds 
this difference Is seen to be quite small. It was therefore decided to 
use the most convenient method for the Integration. This turned out to 
be the Ml Ine-Reynotds method since It had already been programmed for 
The forward integration. 

F. Reduction of System Order 

Because of the extreme complexity of this problem, every otfort has 
been made to do things as efficiently as possible. This has taken the 
form of simplifying approximations in some cases, proper choice of in- 
tegration methods, minimization of memory storage requirements, etc. 

An additional simplification has involved the differential equation de- 
scribing the time rate change of the weight of the aircraft. Because of 
the relatively short flight time under consideration, (<500 seconds) the 
percentage change in weight is less than I?. It v/as thus decided to 
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examine the effect of neglecting this equation. On a simulation of 300 
seconds using the same open loop control for both cases, with and 
without the weight change equation, the final altitudes differed by only 
10 feet out of a total change of 2000 feet. Also the flight path angles 
differed by only .06 degrees out of 3 degrees. It was then decided 
that the weight change equation could be neglected without appreciably 
affecting the aircraft behavior. This reduced the dimension of the 
state vector from thirteen to twelve. 

Another simplifying assumption was to maintain the landlng-g^ar down 
through the approach maneuver. Previously the landing-gear position, 
up or down, had been treated as a control variable. However, the effect 

of the landing gear position on lift and drag was found to be small com- 

pared with the effects of the main control surfaces. Therefore, to 
reduce the complexity of the optimization procedure it was decided to 
have the landing-gear lowered at a specified range from the runway. 

This simplification reduced the dimension of the control vector from 
nine to eight. The states and controls are defined as: xi - velocity, 

X 2 - angle of attack, X 3 - side slip angle, Xi, - roll rate, 

X5 - pitch rate, X6 - yaw rate, xy - yaw angle, xe - pitch angle, 

X 9 - roll angle, xio - ground coordinate x, Xn - ground coordinate y, 

Xj 2 ~ altitude, xj 3 - performance Index, Uj - thrust, U 2 - elevator, 

U 3 - flaps, U 4 - spoiler panels 2 and 3, U 5 - spoiler panels 6 and 7, 
ug - rudder, u-; - aileron and Us - stabilizer. Controls U 2 and Ug are 
assumed independent. 

G. Selection of Stopping Condition 

For an optimization problem wirh unspecified final time one must 
have a way of determining t^. Since there may be several terminal 
constraints such as those on attitude, velocity, altitude, etc., the 
chances are slim that all of these conditions will be satisfied simul- 
taneously, especially during the first few Iterations. The stopping 
condition must be a scalar quantity which is certain to be satisfied 
even for a very poor trajectory since the Initial guess may indeed be a 
poor trajectory. 
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The choice for stopping condition for the aircraft landing problem 
was taken to be the time rate of change of distance between the aircraft 
and the runway. As long as this distance Is being decreased, the problem 
continues to run; however, whenever the distance begins to Increase, l.o. 
Just as the rate change goes through zero, the problem Is terminated. 

This stopping condition will work whether or not the aircraft passes 
directly over the runway and therefore can be used even though 1ho 
Initial trajectory may have a large final error. 

The equation for the stopping condition Is 

n(x(t^)) “ 2 ^ (4.l6a) 

. or 

n(x(t^)> = (xio “ >^iOp^^io + ^><11 " ><iip)tn (4.16b) 

where the subscripts F represent the specified final conditions. 

H. Selection of Boundary Conditions and Coefficients 

The steepest descent optimization procedure has a dual goal of not 
only minimizing the performance index but also satisfying the boundary 
conditions at final time. There are nine boundary conditions which must 
be met at final time. These could bo specified as nine separate equations, 
but this would necessitate the use of nine X, vectors. As a means of 
minimizing the complexity of the probiem it was decided to merge the nine 
boundary conditions into a single constraint equation which couU) bo 
driven to zero If and only if all nine boundary conditions were met. 

A quadratic form was chosen for the constraint equation with co- 
efficients chosen so that "equal” errors would contribute equally to the 
function, e.g. it was felt that a .1 degree error in flight path angle 
should contribute the same amount as a 100 foot error in position e^c. 

The final form of the constraint equation follows: 
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= ,01 (Xj - Xip)^ + 4OOC(X0 - X 2 ) “ (Xsp - 
+ 7.5 X I05(x^ - X4p)2 + 1.5 X I0®(X6 - Xgp)^ 

+ 5 X 10'*(X7 - X7p)^ + 1*5 X I0'’(xg - (4.15) 

+ 2 X IO”'*(xio - Xiop)^ + 2 X I0“‘‘(xn - Xiip)2 

+ 3 X I0"^(XX2 - XiZp)^ 

I . Go lection of Performance Index 

At the beginning of this project It was decided that noise to the 
population residing near the air terminal, passenger discomfort, fuel 
and time should all enter Into the performance Index. The noise model 
along with the population model yields the number of persons receiving 
noise In excess of 70 pndb. This quantity Is Integrated with respect 

to time and the cumulative quantity Is cal led noise with dimensions of 

people-seconds, 

* 

The time Is simply the duration of the flight. It Is Important to 
keep this time reasonably small In order to minimize the congestion 
among planes waiting to land. Fuel utilized during the descent maneuver 
Is Included for obvious economic reasons. Passenger comfort Is Important 
and must be considered lest •^he optimization procedure develop a 
trajectory with violent maneuvers. Constraints such as structural 
limitations of the aircraft are Included within the aircraft model; however, 
one could operate within these constraints and sti M cause considerable 
discomfort to the average passenger. Thus a penalty function is Included 
which contrlbu’les very heavily to the performance index whenever the 
comfort limits are exceeded. 

In addition to these quantities, certain other penalty functions 
are added to ensure that the aircraft does not exceed Its design capabilities. 
These Include penalties for exceeding limits on altitude, altitude ascent 
rate, altitude descent rate, angle of attack, minimum velocity, etc. 
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Tbo porformonco Index Including the ponal+y functions Is given 


below. 


f 

M.I6a) 


+ PENALTY FUNCTIONS 


(4.16b) 


The coefficients above were soloctod so that time and fuel would 
contribute to the performance Index approximately ton p^ircont as much 
as noise. The number 7 x 10"^ Is the coefficient for time. Note that 
the time rate, d/dt(t). Is one. 


The penalty functions follow 
PENALTY FUNCTIONS = 


A" 




4 well . yaw , 
(5.8336)^ (.7778)2 


/\2 

'Mat . Pitch 
(1.1667)2 (5.8336)2 


luL. 


100 

-) 4 - (: 


li2_ 


100 
■) + (: 




100 


Max Desc. Rate' ‘ 'Max Asc. Rate Max Alt. 

100 


4 , Mln. Alt. j^PO ^ ^ Load Factor - .75 ^ ^ ^ X 2 - 10^ 
X2 1.75 15 


+ ( 


Ji2_ 


Low Speed Buffet Coeff 


100 

■) t ( 


Ho 


High Speed Buffet Coeff 


■) 


Xi 


The first group of terms represents the comfort Index Cl, 5], 

As long as this term Is less than unity, the passengers are comfortable. 
The number raised to the one hundredth power Is very smal I and contributes 
almost nothing to the performance Index. When the accelerations are 
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largo howovor and tho bracketed term oxcoods unity, then the performance 
index receives a targe positive input. Tho (^2 terms represent rate 
change of altitude, Tho first fj 2 tonn applies during descent using a 
maximum descent rate of 250 foet/soc. Tho second fj 2 term app»los 
during cjscont and uses a maximum ascent rote of 100 foot/sec. The 
Xj 2 terms ore used to keep the aircraft model within acceptable altitude 
limits. Without flaps, h^^^ Is 35,000 foot. With flops, h^^^ Is 20,000 
feet. The limit, b , , Is 100 ft. Tho load factor term reflects the 
structur'ol limitations on the aircraft. Tho first term In X 2 Is used to 
maintain the angle of attack between -5 and +25 degrees. Tho second 
term In X 2 keeps tho angle of attack below that value which causes low 
speed buffet. Tho term In keeps the lift coefficient below that 
value which causes high speed buffet. Logic In tho program Is used to 
switch In the appropriate terms depending on the state of tho aircraft. 
Tho final tenn Is used to penalize whenever tho airdraft velocity gets 
near stall velocity. Each of these terms In tho penalty function Is 
raised to tho power of 100 In an attempt to ensure that none of tho 
limitations will be exceeded. 


V. CONSTANT GL IOC-3 LOPE APPROACHES 


A. General Utl iltv of Performance Moasuro 

The selection of a porformonco measure to bo associated with a task 
Is generally non-trWIal. It forces one to give serious thought to what 
the real objectives ore and then to express these objectives In matho<> 
marical form. One normally formulates a performance Index as a part of 
an optimization package; however, ihe use of a performance measure 
should not be restricted to variational procedures. Many times there 
may be several alternative sub-optimal strategies which one would like 
to compare. It may be that these strategies are easy to Implement, 
acceptable to the users, or have other desirable characteristics. In 
situations such as these, a performance moasuro can be very useful as 
a means of evaluating the various strategies. 

B. Three-Decree and Six-Degree Glide Slopes 

Two approach trajectories of interest are the throe-degree and the 
six-degree constant glide slope trajectories. It was decided to simulate 
those flights as a means of testing our aircraft simulation and also to 
compare the performance of the trajectories. The alignment and pojltlon 
of the Patrick Henry Airport runway are shown In Figures 5.3, 5.6, 5.9 
and 5.12. The flights wore begun at a range of 16 nautical miles from 
the end of the runway at the altitude obtained by extending the 
appropriate glide slope back from a point 383 feet high and 1.17 nautical 
miles out. This termination point allows a three-degree glide slope 
to bo used for the last 1.17 nautical miles of the landing maneuver. 
Approaches were simulated for runways 6, 24, 2 and 20, each at the 3^^ 
and the 6°gllde slopes, yielding eight trajectories. On our coordinate 
system. Figures 5.3, 5.6, 5.9 and 5.12, runway 6 is at an angle of -27°, 
runway 24 Is at an angle of 153°, runway 2 Is at an angle of -72° and 
runway 20 is at an angle of 108° measured with respect to the x axis. 

The actual flight path angles are 2.79° and 5.85°. Additional 
adjustments on the open loop controls could have made these values closer 
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Fi«ur« 5.4 PopuliLliin Map -’f Ar«« Surroundi ng »um««y 24. 





Figure 5.6 Topographical Map Sho-Ing Approaches to Pun*,ay 2A 









Figure 5.9 Topographical Map Showing Approaches to Runway 2 . 








Figure 3.12 


Topor.raphlcal !lap Showing Approaches to Runway 20. 



to 3° and 6®j however, this has not been done at this time. The 
overlays. Figures 5.2, 5,5, 5,8 and 5.11 can be used to show tlu» ground 
tracks for the eight trajectories. The steeper six-degree glide slope 
benefits first from the fact that loss thrust Is required to maintain 
the specified velocity and therefore less noise Is generated by the 
engines. Secondly, the fact that the steeper trajectory Is 
higher above the ground also causes the footprint to bo generally 
smaller. These factors result In a ground track for the six-degree 
approach which Is shorter and more narrow than that for the three-degree 
approach. 

Besides the ground track Itself, the intersection of It with the 
population model Is also of vital significance. The second overlays. 
Figures 5.1, 5.4, 5.7 and 5.10 demonstrate this feature. It Is seen 
that the approach along runway 24 spends a good deal of time over the 
Chesapeake Bay and over the rural areas to the northeast. The approach 
along runway 20 spends most of Its time over the northern rural areas. 
These two approaches therefore Influence fewer people than do the 
approaches along runways 6 and 2. All of these factors are reflected In 
the values of the performance index for the runs which are: 


Runway 6 

6° gl Ide slope 

PI 

= 

16. 1 

Runway 6 

3° glide slope 

PI 


23.5 

Runway 24. 

6° gl Ide slope 

PI 


9.2 

Runway 24 

3° glide slope 

PI 

= 

12.6 

Runway 2 • 

6° g 1 Ids slope 

PI 


19.8 

Runway 2 

3° glide slope 

PI 

= 

28.0 

Runway 20 

6° glide slope 

PI 


9.2 

Runway 20 

3° glide slope 

PI 

= 

13.3 


Runway 24 gives the best value for the performance Index followed by 
runways 20, 6 and 2 In that order. 

Printouts of the computer simulations are shown in Table I through 3. 
Table I Is a glossary of Input variables. In Tables 2 and 3 are given 
results for the approaches to runway 6. On the first three pages of 
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Tablo 5.1 Glossary of Input Vorloblos 


c • • • » 
c « » • • 
c ■ • • • 

C t • « • 

. C I • • • 

C • » I • 

c • • * • 
c « « * • 

C • I • • 

C • t * • 

c« * • • 

C « •' f * 

C * • I • 

c * « « « 
c » • • • 

C • • t • 

c • • * « 

C • I • • 

c « * • • 
c • » ■ • 
c » * « • 
c » • « • 
c » • ■ • 

C » • * f 

c » • » • 

V* • • • 

c » * • • 
n « « • • 
c • ■ • ■ 
c » • • • 
c« » • « 
c » * « • 
c • » • • 
c * * « « 
c * • • • 
c • • • • 
c • • « • 

C • • t • 

c * » • * 
c « • ■ • 
c < • ■ • 
c ■ • • • 
c.«.. 
c • ■ • ■ 
c • • » • 
c » * • • 

b • • * • 

c » « • « 
c • • * • 
c • • • « 

C« • • t 

c • • • ■ 

C < • i « 
C • • a • 
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c * • • • 
c • « • « 
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c « • ■ • 
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C a a a a 
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C a a a a 
C a ■ a a 
C a a a a 
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C a a a a 
Caaaa 
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iicAn rijpui OArn 

n AfM) '!> AHC IHi: INITIAL ANO FINAL TIMES 

on IS iitr FofiwAno iNTConAiioN step sue 

ora IS Tur statl vakiaolc printout intihval imiErer 

MUI TIPLC OF UTM» 

DTA is the INTCtlVAL FOR NO|SC CONTOUR OCTCHMINATION 

OTR IS the time interval for iiackvako intccratisn of adjoint 
rijlIATIOIJS. ALSO the interval of storage of state AHo 

CO’IIHOL VARIARLCS ILC5S TMAN OH EQUAL TO 01?) 

YE aNJ ZC ARL T)IE tlORlAONrAL AND VERTICAL MOMENT ARMS OF THE 
ENOUlCfi AUOHT THE A/C CC 
CHAR IS MEAN CHORJ LENOTH OF VdllO 
S IS A/C WING AREA 

niFY. illYYi H 17 .Z AND RIF/ ARC TIlC A/C MOMENTS OF tNERTIA 

Wt IS IMF «/L UCIOUT 

CC IS THE position or the A/f crNIER or GHAVITT (in percent 
OF CHAR) 

0 IS the wing SPA ( or nic a/c 

OllMAX ''AXIrtUH OLSIREH IIAIC OF CLIMO ILLSS TUAN OR EQUAL TO 

OI(MlH"NAM'MUM^NKMREn HATE OE nCSCENT (LESS THAN pR EQUAL TO 
?S0 rCET/SECI 

HHIN is T)IL NININ'IM PCSIRCN a/c ALTITUOC PERMIS' . (GREATER 
THAN » 0n FEET) ^ , 

RAIT.r IS IHC OtSTANCr ALOlpG i OROU(0 AXIS OF / - AT TI 
SIMr If? IML NISTANCE ALONG Y GROUND AXIS OF A/C Ai TI 
ALT IS THE MEAN SEA LEVEL ALTITUDE OF TNI A/C Af TI 
PHI IS THE ROLL A (OLE OF THE A/C AT TI , 

Theta is tme pitch angle of a/c at ti 
P si IS THE TAW angle OF TML A/C AT TI 
V ts me velocity (relative to the wInui or the a/c at ii 

P. 0 ANO H ARE TME Rltt.Li PITCH AND VAw I’AIES OF THE A/C AT TI 

DAIpT AN(j jRtOT A(E the RATES OF CHANGL CF THE ANf.LE OF 
attack AND SIOCSLIP OF THE A/C AT TI 
LIFT IS T-tt LIFT FORCE ON THE A/C AT II 

(III/ IS THE LOAN FACTOR AT T I , 

AEIK ANO HI ARL THE rjiiLL OF ATTACK AMU SIIlCSLIP ANGLES AT TI 

XF IS THE jCsII'EN X*GROUIiU rONttUIHATE OF A/C AT TF 

YF IS THE JIMWCN Y-GHOU( I) CP JROINATC OF A/C At TF 

(IF ts THE EiESlhEI, nCA'l SLA LEVEL ALTITUDE OF A/C AT TF 

VF IS INI ilLSIltED VELOCITY OF A/C AT TF 
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;F is THE .jLSIrEH pitch RATE OF A/C AT IF 

rfF IS TH[ ILSIrEH yah RAIL OF A/C AT Tf 

GF TS THE OEMRtl' GLINE SLOPE Ol TRAJECTORY AT TF 

l)F IS THF .USIRCU SINESLIP angle of A/C AT TF 

KR IS THF X-GPiHlIiU COORDINATF OF THE RUNWAY EDGE 

Trt IS THE T-GROPM coordinate OF THE HOULAY CHOC 

Mil fS THF A/C ALTIfUrf GrEAIIR THAN OESIfEI) TEhSIrAL ALTITUDE 

Hijr LESS Than any optimal thajeciohy which sLMETRATES 
/ITHI ( RE OF (UNI'AY 

UP? IS mr. JIAXIMUA FFACriON Sl'IAHED OF PfHTUH|lCl rONTROL 
THAT IS TO RE UriLl/t|i 
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FOR ThL COHIH sPOI nlN(> SlAir VARIAULEi- 
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f'ATHI/ mo ELFMET'T can be /ERO UR I.FGATIVE) • 
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1. FUEL ?. TIME j. POPULATION 
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Table 5.2 Simulation Printout for 3° Glide Slope 
* - I nto Runway 6 

** »« 

**• INPUT data ** 

♦ * 




DT3 

(SCC) 

, 1,000 “ 


0T<f YE • ZE CBAR S 

(SEC) (FEET) (FEET) (FEET) (SQ.FT) 


20*000 16*200 5.000 11*200 960*000 


RIXX RIYY RlZZ RIXZ Wl 

( B(l.F^Fr-SL-UG-> (S&rFT.-SLUG )— ( S©rFT.-SLUG)-*( SO. FT. -SLUG ) <LBS)~-- 

-.375000*0- 875000*0 igCOOOO.O 460oO*0 90000*0 


T1 TF DTI 0T2 

(SEC)» (SEC) (SEC) (SEC) 

OttOO 0- " ‘*~ " ~~ * ' '600~*000 " ' *100~' ' ..———..gO , qq o~"’ ■ ■ 


0T5 B DHMAX DHMiN HMlN-- 

(SEC) (FEET) (FT/SEC) (FT/SEC) (FEET) 

10. 000 93*0 100*0 250,0 100*0 

RANGE SIDE ALT PHI THLTA 

-(FEET)~- -(FEET) - -.^(FEET) ■ (DEG) . (UEG) 

- -67766.0 —45832.0 - .— .- -4794*0 0*00 1*36 


— - PSI V — p Q ^ 

(OEG) (FT/SEC) (RAD/SEC) (RAD/SEC) (RAD/SEC) 

- 27*00 218.20 0*00 0*0000 0*0000 

OBIDT LIFT RNZ AFRL 

(RAD/SEC) (LBS) ■ - (UEG) 

— OtOGOO— 90356t7 — “—1 .000— — — — 4 » 36 ^ " 


DAlDT 

( rad/sec ) — 

— OtOOOO 


Table 5.2 (Continued) 

*« ** 

♦ ♦ INPUf DATA • *♦ 

« « * 4^ * « If « 4c « 4^ <[ «: » 41 

* f f * f » «i f f 4> * f « f « * » f 


B1 XF YF HF VF 

<0EG>“ (FEET) (FEET) (FEEt) (Ft/SEC) 

0 ^,Q0 -75} 0 .0 4924,0 363 , 0 — — "—203,70“ 


«PHIF PSIF' THETAF PF OF 

(0C6) (DEG) (OEG) (BAD/SEC) (RAD/SEC) 

0,00 -27,00 1,36 0,0000 0,0000 


UF XR YR 

( FEET )•“ ( F£ET ) 

- 0,00 -1169,0 • 1693,0 


HHO 0H2 


,500 10000,0 


KPSKl) 

KPSK2) 

KPSK3) 

KPSK4) 

KPSK5) 


.lOOOOE-Ol 

.40000E+03 

0. 

.75000E+06 

0. 


• 





. 

KPSK6) 

KPSK7) 

KPSI(8) 

KPSK9) 

KPSKlO) 


.15000E+07 

,5COOOE+05 

0. 

.iSOOOE-t-OS 

.200U0E-03 

. 






; 

KPSKll) 

KPSI(12) 

MU) 

U(2) 

W(3) 

• , 

.20000E-03 

,30000E-02 

,10000t+0l 

.lOOOOE-fOl 

.lOaOOE-t-Ol 

u 






ll 


HQ — 

(FEET) (FEET) (FEET) 


5683.00 4877.00 5000,0 


RF GF 

V iOOOO -2,75— 



Table, 5.2 (Continued) 



^ . .= ^ - 

^ W ^ ^ ^ ^ i ® li' 

*♦ 

— • ♦♦ — INPUT DATA •♦ 

♦ ♦ _ ♦♦ 

• ■ -♦•***♦♦♦*♦♦♦♦♦♦♦** 

« 4 ( i|i * 1 4c)|( » * * « 4 ( « «i^ « * 



W(4) 

U(5) 

W(6) 

W(7) 

W<B) 

• lOOOOE-fOl 

•10000E>01 

• 10000E4-01 

• lOOOOC-t-Ol 

•lOOOOE+Ol 

KOPT(l) 

K0PT(2) 

K0PT(3) 

RA 

CA 

.SOOOOC-02 

•70000E-02 

•10000£«03 

24. 

21. 








* 41 « » » « 4i 4 t « * 4 : * « 4 i # « 41 4E « » « «c 

♦ ♦ ♦♦ 

*-♦* — THAUECTOKY-OaTA — ** — 

♦ ♦ ♦* 

■mti 41 « » « * * * * * 4 < ♦ <c 41 * * ♦ » ♦ « 4 

«««*«4<4t4»4i*»4c4«4c«4i««**4i 



time glide aircraft angle of sideslip 

— (SEC) - SLOPE -VELOCITY- ATTACK ANGLE 

(OEG) (FT/SEC) (RAO) (RAD) 


^QL't PITCH — YAW YAW .pjXCH — ~ 

rate rate . rate angle angle 

(RAO/SEC) (RAD/SEG) (RAD/SEC) (RAO) . (RAO) 


ROLL x-ground y-grouno altitude performance 

angle GeORDlNATE cOOROINA-tE (FEE~T') INDEX 

(RAD) (FEET) (FEET) (J) 


AREA-TIME PEOPLE-TIME- INSTANT. — INSTANT. TIME 

SUM SUM noise-area NOIsE-PEOPLE j-component 

— (Hi**^*rsee-) (people-sec-) (-sGtmi-^) --(people) (seo — 


FUEL PEOPLE 

j-COMPOWENT"" -’J-COMPONENT 
(UBS) (PEOPLE-SEC) 








Table 5.2 (Continued) 



0, 

-•3000000E-f01 

•2162000E+03 

,7609287E-01 

0. 

0» 

0. 

0, 

-.4712369E+00 

.2373299E-0X 

0« 

-.077B6OOE+U5 

«45632UOE-fOS 

.4794000E+04 

0. 

o« 

0. 

.302255lEf01 

.646e230£f02 

0. 

0. 





• 2000000O02 

-.2649399E+01 

• 2199558E.K03 

.6492571E-01 

0, 

0. 

.1049570E-02 

0, 

-.4712389E+00 

.X668497E-0X 

Ot 

-w03ea011E+05 

• 4384185E4-05 

.4562146E+04 

• 4266652E<t-0 0 

r61l7709E+02 

.1302938E>0'4 

.3087714E+01 

.65803X4E+02 

• X4U00OOE*l‘O0 

.1563684E+00 

.1302938EfOO 




fiiooooooE+na 

-.29S9354E+01 

.2175621E+03 

.66X0X52E-01 

0* 

0. 

-.6653647E-03 

0, 

-.47X2389E+00 

.X445105E-0X 

0. 

-,7999503E+0b 

.4186230E+05 

.43623X6E+04 

.O6X6547E+0D 

•1232978E+03 

.2649061E+04 

,3129666E+01 

.6657533E+02 

,2800000e->-00 

.3167369E+00 

•2649061E+00 




•6000000E+02 

-.2626642E+01 

.2176272E+03 

,65482X6E-0X 

0, 

o« 

.3945572E-03 

0. 

-.47X2389E'f00 

•X960370E-0X 

Oi 

-.7611217E+05 

.3988389E+05 

.4X4Xas2Ef 04 

#X302072E*OX 

• 166ie24E-»-03 

.4069396E+04 

.31S4078E+01 

.733X042E+02 

•H200000E+00 

.4751053E+00 

.4069396E+00 









•B000000Ef02 

-.2933479E+01 

• 2l68e08E<f03 

.6575162E-0X 

0 . 

0. 

-.ie0i077E-03 

0. 

-.47X2369E+00 

.X455275E-0X 

0. 

-.7225224E+05 

.3791716E+05 

.3934922E+04 

.X745357E+0X 

.24941X5E+03 

.5518606E+04 

.3l6e87BE-»>Ol 

.7X82979E+02 

• 5800000E'»'00 

.6334738E+00 

• 55l8606E-«-00 

, , TO 









• lOOOOOOC^-OS 

Table 5.2 (Continued) 

-•266023BE401 •2i60685E403 •6S78005E-01 

u. 

0. 

•37S4248E-04 

0. 

-•4712369E4-00 

.X698107E-01 

0. 

-.6839542E4-0S 

.359520iE4>05 

.3722065Et04 

• 2188055E<f01 

• 3l27576E<»-03 

.6961861E4’04 

• 3162063E4-01 

.7325S2lE-f02 

t7000000£<f00 

• 7918422E4>00 

• 8981881E4>00 

. 



•120QOOO£>03 

-.28733UE+01 

• 2l55106E-t-03 

.6S83866E-01 

Cl. 

0. 

.5168180E-04 

0. 

-.4712309E+00 

.1548993E-01 

Of 

>.645583SE-t>0b 

.3399692E+05 

•3512108E^04 

.2638074E+01 

,37566fl9E+03 

.6458277E+04 

.3147132E+01 

•7580325E+02 

.8400000£4’00 

•9502106E400 

•8458277E+00 









• 1400000£<»-03 

-.2739796E+01 

.2146099E+03 

•8585488E.01 

0, 

0. 

-.9363696E-04 

0, 

-.4712389E+00 

.1803642E-01 

0* 

-.8072798E+05 

.3204525E+05 

.3303313E+04 

.3064360E-t-0i 

.4364954E+03 

.9957509E+04 

.3111797E+01 

,740i214E+02 

.9800000e:+00 

,1108579E4-01 

.9957509E+00 









• 1600000E-f03 

-•2822519E+01 

.2141815E4-03 

.6565776E-01 

0. 

0. 

.1074133E-03 

0. 

-.4712389E+00 

.1639552E-01 

0. 

-f 5691338E+05 

• 30l0l8l£.f05 

.3093159E+04 

.3529654E+01 

.5003498E-»-03 

.1142681£-f05 

,30’66746E+01 

.7246150E+02 

.1120000E+01 

• 126694BE-f01 

• 1142681£-l>t>l 









,l800000Ef03 

-.2780602E+01 

.2132772E+03 

.8566163E.01 

0. 

0. 

-.9870823E-04 

0. 

-.4712369E+00 

.1733117E-01 

0. 

-.5310864E+05 

• 2816300E-I-05 

.2ee820S£-f04 

.3967589E+01 

.5611766E+03 

.12e228BE-»-05 

.3009669E+01 

.6567048E+02 

• 1260000E-«-01 


.12B226e£fOl 
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Table 5.2 (Continued) 


,2000000E:<('03 

-.2794179E+01 

••2X28000£-f03 

.6572645E-01 

0. 

0. 

.6132245E-04 

0, 

-.47X2389E+00 

f X69SB83E‘*0X 

0. 

-,493l882E+05 

• 2623097E'»^05 

.2677376E+04 

.4374754E+0X 

.6207Sl3C-f03 

• 139U46E+05 

.294072UE<t-OX 

.3839295E+02 

•1400000E+01 

.L563684E;-(-01 

.139im6E-»'0l 



.. .... . 


,220ooooe:4-03 

-.2799276E+01 

•2XX9995E+03 

.6584699E-0X 

0. 

0. 

".5793893E-04 

0, 

-.47X2389E+00 

tX69904XE*0X 

0. 

-.4553662E+05 

.2430486E+05 

.2471301E+04 

.472X915E+0X 

f67ee034E+03 

.1440030E+05 

♦2858987E+0X 

.X067342E-»’02 

♦X540000E+OX 

.1742053E+0X 

• 1440030E-f01 




• 2400000e:-*-03 

-,2765029E+0X 

.2XX43XOE+03 

.6579632E-0X 

0. 

0. 

.3748260E-04 

0. 

-.47X2369E+00 

.X7X8840E-01 

0. 

-.4X76789E+05 

•2236460E+05 

»2284264E-f04 

.5026844E+01 

.7350693E+03 

.X446629E+05 

.2762060E+01 

0. 

•X660000E401 

.1900421E+01 

,X446829E+0X 

— „ 



,260QOOOe+03 

-.2802859E+0X 

,2X073X8E+03 

.6584277E-0X 

0. 

0. 

-.X64X794E-04 

0. 

-.47X2389E+00 

•X892364E-0X 

Ot 

-.380XX3XE+0& 

.2047053E+05 

.2056698E4-04 

.53252X3E+0X 

,78934fl4E+03 

.X446629E-H05 

.2657903E+0) 

0. 

.X820000E+01 

f2058790E+0l 

.X446829E-I-0X 



. ■ . ... 


• 2800000E'f03 

".2766445E+0X 

.2X0X006E+O3 

.6584896E-0X 

0. 

0* 

.6260039E-05 

0. 

-.47X2389E+00 

• X72183XE-*0X 

0. 

•.3426575E+05 

•X856207E+05 

.X853569E+04 

• 5623b6XE'*-0X 

.84139X2E+03 

.1446629E+05 

.2539202E+01 

0. 

.1960000E+01 

.2217158E+01 

.X446629E+0X 
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TabiG 5.2 (Continued) 


• 3000000E-»'03 

-.2799956E+0X 

.20946X9E-f03 

.6&65857E-0X 

u. 

0. 

.32S5347E-05 

0, 

-.4712389E+00 

tX698Blie.0X 

0, 

-.3053215E+05 

.166597XE+05 

•1849082E404 

.5921949E+01 

,8909818E+03 

• X448629E4-05 

.24X2307E+O1 

0. 

*2lOOOOOE4-Ox 

.2375527E+01 

• X446629E-»-0X 

-- - 

■■ ■ - 


• 3200000E-t’03 

-,2790923E+01 

,2088097E4-03 

,6b88467E-01 

0 • 

0. 

-,6465X98E-05 

0. 

-.47X2389E+00 

•X717367E-01 

0. 

-.2880959E+Ob 

.X476297E+05 

.14452X3E+04 

•82203X8E40X 

.9379005E+03 

•X446629E+05 

.2270733E+01 

0, 

• 2240000C-«'0X 


,2533895E+01 .X446629E+01 


.3400000E+03 -.2796427E+01 .2061943E+03 ,6508317E-Ol 0. 

0, ,6759701E-05 0, -,4712369e:+00 .1707632E-01 

0. -.23O9057E+Oi) .l2872lxE+05 .l24l8l4E+04 *6520ieiE+Ol 

,981g46i.E + 03 ,X4it8102E + 05 .2X23306E + 01 .X267435E+02 .236O000E+0X 

,2692283E+0X , X448X.02E+0X 


.3600000E<f0 3 

-.2794420E+0X 

.2075494E+03 

.659X094E-0X 

0. 

0* 

-.6858495E-05 

0. 

-,47X2369e+00 

.X7l39xlE-0X 

0. 

-.X939866E+05 

.X09869XE+05 

.X039200E+04 

•70X8730E+0X 

,X022904E+04 

• X645606E-«-05 

.1963206E+0X 

.2535238E+03 

.2520000E^01 


• 2850632£-»’01 • X645606E-»-0i 


,3600000E4-03 

-.2794622E+0X 

.206938XE+03 

.859X464E-01 

0. 

0. 

,6120406E-05 

0. 

-.47X2389E+00 

.X7X3926E-0X 

0. 

-.X570993E+05 

•9X07407E+04 

•8370062E+03 

.6874034E+OX 

.106056XE4-04 

.3200364E+05 

• X79'*349E + 0X 

.X66X777E+04 

f 2880000E<i-Ol 

,3009000E-f0X 

• 3200364£<t-01 
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Table 5.2 (Continued) 


.40000UOE:^03 

-.2795972E+01 

• 20631U6E4-03 

•659347SC-0X 

0. 

0. 

-.2935680e*0S 

0. 

•.47l23Q9E<f00 

.17l35B3E*0l 

0. 

-.1203226Et05 

.7233551E+04 

.6355491E-^03 

.1445445E+02 

•10947fl5E♦0^ 

^0475923E+05 

.16l5103E-f0l 

,365593flE+04 

• 2800000E4>01 

.3167369E+01 

•6475923E+01 

, B... . .* 



• 4200000E4-03 

-.2794510E+01 

.205699aE+03 

•6S94560E-01 

U* 

0. 

•2165421E-05 

0, 

-.4712369E+00 

•1717219E-01 

0. 

-.6365573E+04 

.5365271E4-04 

.4345863E403 

«2203965E^02 

• 1125329E4>04 

.15784UE+06 

.1420474E+O1 

• 3000566E4-04 

•2940000E^01 

.3325737E+01 

, .15784UE+02 




.4247OO0E+03 

-.2794556E+0X 

.2055536E-«-03 

•6595074E-01 

0. 

0. 

-.2973261E-06 

0. 

-.4712309E+00 

tl7XT654E-01 

0* 

-t7505488E+04 

.4927036E+04 

.3674707E+03 

•2349806E+02 

.1131954E+04 

.1715387E+06 

0, 

0." 

.2972900E+OX 


.3362954E+01 


,17l53B7E-*-02 





I 


I 


♦ 


Tablo 5.2 (Continued) 

NOISE CONTOUR GROUNU TRACK (QUADRANT 4) 


" XMAX TMAX * XMIN VMIN 

"'-.91173E+02 .41600E+02 -.92237E + 02 ,48100t+02 

^-*a923lE+02 .40600E+02 -.62ftl7E + 02 .43300L+02 

* t87267E»02 .'39600ET+02 ^^T806S6Ef 02 ,42R00E+02 * '* 

-.8533XE+02 .38600E+02 -.76695E+02 .41200E+02 

•,83371e*02 ' #37600E+02 -.76733E+02 ,40200E+02 

••81404E+02 .36600E+02 • .74770E+02 ,39200E+02 

“•79431E+02 t35600E<f02 •.726HE + 02 .SdlOOE^Oa 

-.77454E+02 •34600E+02 -.70648E+02 .37100E+02 

•V75469E+02 . 33600E+02— 6G686E+02 .36100E+02 

-.73673E+02 *32700E+02 -#66723E>02 .35100E+02 

■ -t7l676E + 02 * .31700E + 02 -.64761E4-02 .34X00E+02 

-,69679e-*- 02 .30700E+02 -t62798E+02 .33X0OE + 02 

-.6767XE+02 ' ,29700e+ 02 ' -,60835Ef02 .32X00E+02 

-.65854E+02 .28800E+02 -.38673E+02 .31100E+02 

-,63836E+02 .27800Er+02^ '-V569X0E+02 .30X00E+02 ' 

•*i6X8X5E+02 »26800E + 02 55X44£f02 ,29200E+02 

*.59983e+02 ' .25900E+02 ’ -.53161E+02 ,202OOE+O2 

-.57948E+02 .24900E+02 -.5X2X9E+02 ,27200E^02 

-.56X07E702 - .24000E + 02 - - -.492S6E + 02 .26200E+02 

-.5406XE+02 .23000E+02 -.47490E+02 .25300E+02 

-T5?20aE+02 — s-22X00E+^)2 -'.45S27E+02 .24300E402- 

-.50348E+02 .2.1200E+02 -.43564E+02 .23300E402 

~-.462O0E+O2 .20200E+02 • • » -,4i79eE402 .22400E+02 

-.464X8E+02 .19300E402 -*39836E+02 .2X400E+02 

-- ~,,445mE+02* .18400E + 02 -.37873E + 02 .20400E+02 

-.42&59E+02 *X7500E+02 -f36X07E+02 .19500E+02 

-t 4 0 5-7-5 E40 2 ^rX 6 5 0 0 E4- 0 2 -i34144Et02 — — 1 8 5 0 0 E 4 0 2 — — 

-,36662E402 ,X5600E402 -.32378E+02 ,l7600E402 

™ — .36703E+O2 - *X4700E + 02 - -•30415E4.02 ,l6600E+02 

-♦34878E402 .X3800E402 -.28649E+02 ,l5700E402 

- --.32965E+02 . X2900E402 • - . „26882E + 02 ,l4800E-f02 

-.31046E402 .X2000E402 -.24920E402 ,X3800E402 

-T291-20e-+'02 -.-X 1 X 0 0E4^0 2 --.-23 X 5 3E4 0 2 -rl 290 0E4 02 — - 

-.27X07E+O2 .X0200E+02 -.2X387E+02 .12000E402 

"'• 25245E+02 . 93000E40i- -.19424E402 .XlOOOE+02 

-.23493E402 .85000F+OX -.17658E402 .XOXOOE402 

-.2X536E402 — .76000E40i— .92000E40X 

-.X9573E402 .67000E40X -.X4X25E402 ,63000E40l 

-T1-7597E-402 r56000E + 0l — — --iX2359E402 ,7400O£>0X *’ 

-.X5BXXE+02 .50000E40X - • X0593E+02 .65000E+OX 

^iX38X7E402 - .41000E40X- -.e0263E4OX .S6000E40X 

-.X2006E+02 .33000E401 -.70599E+01 .47000L401 

~*--.99897E40X .2400QE+0X -.52936E40X .38000E40X 

-.908X7E40X .2000QE40X -.45085E40X .34000E40X 


l|(«- 
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Tablo 5,2 (Conti nuocJ) 

NOISE CONTOUR GROUND TRACK (QUADRANT 3) 


XMAX rWAX - XMlN TWIN 

‘ --,B6433E+02 .51100E+02 -.92237E4-02 .9flX00£.+02 

-.8AA4aE+02 .50100E + 0?. -.A2fll7E+02 .43300E+02 

ye{»4eeE+02 »49100e+02 -v60658E + 02~ .42200E+02 

-,60498E+02 .40100E-f02 -•7fl695Ef02 .41200E+02 

- i7B533E+02 .ATlOOe+Oa -.76733E + 02 .40200E + 02 

-♦76575E+02 *46100E+02 -.74770E+02 ,39200E+02 

— • -.74623E+02 *4BlOOE+02 -.726llEf02 ,36l00E+02 

•,72675E+02 .44100E+0g -,70fe40E+02 .37X00E+02 

— -"-»-707-33E+02— t^SlOOE+Og — — , 68666E+02 • - , 36100E+02 * - 

-.6fi0C0E+02 .42X00E+02 -.66723E+02 .35X00E+02 

— -,6687XE+02 .4XX00E+02 -.6476XE+02 .34X00E+02 

-.64945E+02 .40X00E + 02 -.62798E+02 ,33X(30E+02 

-- -.63027E+02- .39100E + 02 -.60635E + 02 .32XO0E + O2 

-t6XXX6E+02 .38X00E+02 S8073E+02 .3XX00E+02 

.-59208E-+02 * 37-X00e+02 -V569X0E + 02'- <30X00E+02 

-.57305E+02 . 36 XOOE+O 2 -.55X44Et02 .29200E+02 

.552X3E + 02 - . 3500OE+02 - - , 53X6XE + 02 ,28200E+02 

-.5332XE+02 *34000E+02 -,5l2X9E+02 .27200E+02 

-»5l433E+02 -.33000E+02- --.49256E+02 »26200E+02 

-,49552E+02 .32000E+02 -.47490E+02 .25300L+02 

— i 47 6-7 8 E+ 0 2 — v3 X 0 0 0 Et 0 g 45527E+02 ,2 4 3 0 0 E+ 0 2 ' “ 

".45808E+02 •30000E+02 -.43564E+02 ,23300t+02 

“»43943e+02 .29000E+02* ••4X798E+02 «22400E+02 

-.42086E+02 *28000E+02 -.39636E+02 .2X400E+02 

-.40234E+02 - .27000E+02 -.37873E+02 .20400E+02 

-.36X09E+02 .25900E+02 -.36X07E+02 ,x9500E+02 

--r36r34^7E+02~ *24900E’+'02 -.34144E + 02- .X8bOOE+02 

-.345XXE+02 ,23900f+02 -,32378E+02 ,x7600t+02 

-*326fl2E+02 .22900E+02 -,304l5E+02 ,X6800E+02 

-.30060E+02 .2X900E+02 -.2Q649E+02 .X5700E+02 

-*26648E+02 .20800E+02 -,26fl62E+02 ,X4O00L+02 

-#27037E+02 .X9800E+02 -.24920E+02 ,X3600E+02 

^.'2&233E+02 .-X-esOOE-^Oa— v23l53EfOE- •.12900E+02 

-.23438E+02 .X7800E+02 “»2X367E+02 «X?00Ot+O2 

-#2X455E+02 * -.X6700E+02- — -.X9424E+02 .XXOOOE+02 

-.X9672E+02 .X5700E+02 •.17658E+02 ,XOXOot+02 

-* X7099E+02 *X4700E+Og - -,i5e92E+02 -.92000E + OX 

-#X6X37E+02 .X3700E+02 -,X4X25E+02 ,fl3000E+0X 

-rX4165E4^02 S12600E+02 -vx2359Et02 ,74000E^0X'’ 

-.X2439E + 02 .XX600E + 02 -.X0593E<‘02 .65000E+01 

-*X05XOE+02 : «X0500Et02- • *e8263E+0X ,S6000E+0X 

-.87843E+0X .95000E+0X -f70599E+OX .47000E+01 

-.70755E+OX .65000E40X --.52936E+0X ,38000E+0l 

-.62X60E + 0X .v80000E+0x -.45065E + OX .34000E+OX 



Table 5.3 Simulation Printout for 6° GlIcJo Slopo 

Into Runway 6 

^ 

«!«***« 

* 4 ) ** 

** INPUT data ** 

♦ * I*-* 

- , 


. TI 

TP 

. : DTI 

DT2 

pT3 

(SEC) 

(SEC) 

(SEC) 

(SEC) 

(SEC) 

0.000 

600,000'"' 


20,000“~*“’ 

“ *" l.OOO 

OTH 

YE 

ZE 

COAH 

s 


■ l„ 11 

(PEELTl. 

(FEET) 

. — (SQ»FT,) . 

20.000^ 

16.200 

.,,.5t000 

11.200 

960.000 




RIXX. 

. .. RLtY _ 

RIZZ.. . 

RIXZ 

Wl _ 

(SO.FT.-SUUG) 

(SQ.FT. -SLUG) 

(SQ.FT. -SLUG) 

(SO. FT. -Slug) 

(lWS) 

575000.0 ' 

675000,0 

I 2 OOOOO.O 

40000,0 

90000. 0 

0J5 

D 

OHNAX 

dhmin 

HMlN 

(SEC)_, 

(FEET) 

„...JZT/SEC) 

(FT/SEC) . 

(FEET) 

lO.POA 


„^.aoo.o. 

250,0. 

100,0 

range 

SIDE 

ALT 

PHI 

THETA 

(FEET) 

(FEET) 

(FEET) 

(DEG) 

(DEG) 


95632,0 * 

, “ 9623,0 

0.00 

-4.28 


PSI 

V 

P 

Q 

K 

(OEG) 

(FT/SEC) 

(RAD/SEC) 

(RAD/SEC) 

(RAD/SEC) 

_-2-L.O_0_ 

-2 5 3., 50 

0.00 

0,0000 

0,000 0.. 


OAIDT 

081DT 

LIFT 

RNZ 

afkl 

" (RAD/SEC) ‘ 

- "(RAD/SEC) 

" (LBS) ' * 


(DEG) 

0.0000 

0.0000 

09751.0 

1.000 

1772 "“* 
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Table 5.3 (Continued) 


! 


I ^ 

I »»»♦♦»»»»»♦»♦»»»»« 


1 ^ 
•j! 


*♦ 

♦* INPUT UATA •* 

** 


^ 01 

XF 

YF 

HF 

VF 

<DC6| 

(FEET) 

(FEET) 

(FEET) 

(Ft/SEC) 

0.00 

^7510,0‘" 

4924,0 

” ”“■" '363.0 “* 

" ■■ 220,60 ’ 

"'^ PHIF * 

' PSIF 

* THETAF 

PF 

UF 

(DEG) 

(0C6) 

(DEC) 

(RAO/SECJ 

(RAU/SEC) 

[ 0.00 

-27.00 . 

,,_-4.2B 

0.0000 

0,0000 

RF 

GF 

BF 

XR 

1H 

(FEET) 

(OEG) 

(OEG) 

(FEET) 

(FEET) 

i 'o.oooo 

-2.75 

0,00 

-1169,0 

1693,0 

! PLONG 

PLAT 

HO 

KHO 

DP2 ’ 

(FEET) 

(PEET) 

.. (FEET) 



I _ 5Ga3.pO_ 


5p00,0 

,500 

10000,0 

_ KPSI (l ) 

KPSI(2) 

KPSI(3) 

KPSK4) 

KPSK5) 

*l0P_ppE-0l_, 

j,40000E + 03 

0,_.^ 

,750pOE+06 

0, 

KPSI(6J 

KPS 1(7) 

KPSI(O) 

KPSK9) 

KPSX(IO) 

. 150.0 0^+0 7_._ 

.50000E405 

p. 

• 15000E<»-05 

.200U0E-U3 

i KPSI(IX) 

KPS I (12) 

W ( 1 ) 

W ( 2 ) 

W(3) 

.20000E-03 

.30000E-02 

. ,10000E+01 

.lOOoaE+oi 

,10000c+01 
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Table 5.3 (Continued) 


•«»««« 

4i«:^*«****«*«*»«4>** 
• « *♦ 

*♦ INPUT DATA ** 

• * 


Wl*!) W(5) W(6) W(7) W(6) 

•.i,Qo«.aE-+5Ji .x.pj)Metoi„ .. .ipqooe:+oi_„, .,iooooc+pi . 


KOPTd.)^ 


K0PT(2) 


KOPT(4) 

,XQja.ooL-a3. 


RA 

.2Hl. 


CA 

21. 


.-,-CG 


RIOPT . 


4.^(La 


d... 


.0 




Table 5,3 (Continued) 


* 4> **4i« 4c *»» 4i * « 

♦ * «* 

♦ ♦ TRAJECTORY "data " V* 
** ** 

j|i4i4i««»***j|i«*4<4>**4c4[4‘*4‘*# 


TIME 

GLIDE 

AIRCRAFT 

angle OF 

SIDESLIP 

(SEC) 

SLOPE 

VELOCITY 

attack 

angle 

—•'-■■ .™.— ... — 

(DEG ) . _ _ 

(FT/SEC) 

(RAD) 

( RAD ) 

ROLL 

PITCH 

YAW 

'”“yaw 

PITCH 

ratc 

rate 

rate 

ANGLE 

angle 

(RAO/SEC)*””^’ 

(RAD/SEC) 

(RAD/SEC) 

(RAD) 

(RAD) 

ROLL 

X-GROUND 

Y-6ROUNO 

ALTITUDE 

PERFORMANCE 

angle 

cooRdimate 

ClbOROIMAlE 

“(FEET) 

INDEX 

(RJ(D)_ 

(FEET) 

(FEET) 


( J) 

area-time""" 

PEOPLE-TIME 

INSTANT. 

instant. 

time 

SUM 

SUM 

noise-area 

NOISE-PEOPLE 

J-COMPONENT 

(HI**2-SEC) 

(PEOPLE-SEC) 

(SO.MI. ) 

(PEOPLE) 

(sEC) 

FUEL 

PEOPLE 




J-COMPONENT 

J-COMPONENT 




(Lbs) 

(PEOPLE-SEC) 
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Table 5.3 (Continued) 

.,0. -,0999950L+P1 ,2535000E.k 05 .300554^e:-P^ 0# 

0* 0* P. -*‘>712309£:+00 - ,746634Hf;-01 

0. -,6778600Ef05 .45a3200E+05 .9623000E+04 0, 

^0,. „,D. .. ,0., 

Ot 0. 

..... t2PP00J)0,e+0^_.^^^ ^,2*i35,54lEtp3 .2tt70259E-pl ..0, 

. 0* .. f566577lE-P3 Pi , • , 47l23e9E+00 “.7341292E-01 

0, -iO32Sfl‘4lE + 05 .4354037E+05 .9006663E+04 .2336H95E + 00 

— U.t — 0., 0. ,., .... ... .• 1400000E+00 

.9364950E-01 0. 

«-lP.0,Q.Q 0. 0 E t P.2— 5J^57U E>-0 1 t2JL96PX5E±P 3., _ ,.«.30pp 1 77E-P l.„ 0.. 

..O* -.3626713E-03 0, - . 47123O9E+P0 -.704543bE-0l 

0. -.7662579E+05 .412665&E+05 .0508734E+04 , 4672990^+00 

— ^Qji Qj, 0 ^, . ,, 2 eoooooe+oo 

. .1872990E+00 0, 


, 60OpOO0E+O2 -.59 42634 E+01 .24a780lE+03 »^9366Pftf,0l (K _ 

0. .iei76ClE-03 q, -.4712369E+00 - .7435225E-01 

.0# -.7440938E+05 ,390l627E+05 .8075204E+04 .7009465E + 00 

— Oj — __P • 0> 0 , ^ 42 0 .0 00 0 E + 00 

,28094a_5E.+00 0, 


,6 OOQOOOE+02 ■ . 575O467E + 01 .246 30Q1E + 05 «_29874R4r>0l 0 _ 

0» . _ „ "■•^279655E-04 _0. - . 4712309E + 00 -♦7049005E-01 

0. ^ -.7001704E+05 .3677867E+05 .7573267E+04 .9345960E+00 

P« p . . . * 56 Oppp p E + p p 

if3745960E+00 0, 
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Table 5.3 (Continued) 


•lOOOOOOE+03 

_».5907046E+pl_ 

-.•2iH‘*266E+q3 

,.2909283E-01 

0. 

0* 

-.3424615E-04 

0* 

-.4712389E400 

-.7321654E-01 

0 , . . ■ 

-.6567103E+05 

.3456386E405 

♦7074555E+04 

.ll6024d£40l 

Ot 

0* 

0. 

0. 

•700U000E400 

1 

.‘♦6625.75E:tP0 

. o» 




.1200000E4C3 

_-.._5601244E+01 _ 

, .24261 0£E+ 03 

_.2995804Ej-Ol 

0 , 

0. : 

.7665737E-04 

0* 

-.4712389E+00 

-.7129277E-01 

_0i. 

' -*6l35206E405 

.3236324E+05 

,6b76995E+04 

•1409040E+01 

__.2964£>35E+01 


.46675b7£400 

,._^10p7570.gtP.2 . 

8i*P.PPqpe;+pq . ^ 

.56l’6970E+00 

.7111096E-02 


. .... 


,1400000e+03’ 

-!.5863254E + 0l 

.2405165E+P3 

.3021266E-01 

0. 

,0. 

-.7077953E-04 

0. 

-.4712369E+00 

-.7212043E-01 

0. 

-.5707103E+05 

,3016194Ev('5 

.6087262E404 

.1678629E+01 

.1818223E+02 

.4300409E+03 

.1071263E+01 

f255i677E+02 

.9800000E+00 

,65554^5E+p0 

. 430040, 9E-U1 

----- - 



,160’0O00E+03 

-.5836619E+01 

.236881BE-f03 

,30lo5fl0£-0i 

0. 

0 • ■ " 

.7011146E-04 

p. 

-.471z3a9E+00 

-.716824 3E-01 


-.5282137E+05 

,280166SE+05 

.5597478E+04 

.1974446E+01 

.446‘6.1B6E402 


tl5a6083£+0i _ 

_»_3S23328E+p2 

„.;»;ii2poooE>pi._. 

.7491960E+00 

.1051367E+0G 

- - - 



.1800000E403 

-.5841946E+01 

t236866bE+03 

.3043329E-01 

0. 

0. , ' , 

-.4189983E-04 



-.4712389E+P0 

-.71S2791E-01 

.0*' 

-,4860486E+05 

_ .2586821E+05 

.5ll44b4£+04 

.227ij260E + 01 

.60‘46342E+02 

.1723379E+04 

.1976756E+01 

.2543484E+02 

.1260000E+01 

«64284&5E+0p 

.1723279E+00 
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Table 5.3 (Continued) 


,200qo,uoe±0.5.._.,^ ,.2352009e+03 .3045190E-01 0, 


0« v36‘>OX77t’-04 0, -•47123O9E + 00 7163847E-01 

-,4442067E + 05 ,2373626E+05 .4632967E+0** ,253b693E:4>0l 

».l^a53ijvt0 3 ».1993661€»0 4 t2l9536 9E»0 1,„.J2?.B74,8 6E+ 0 . 14 0 0 0 0 q e + q 1. 

,9364950E+00 .1993861E+00 

t220jn00gE+03 .•,5B377B7 e,+ 01 _ ,23336l5E+03 .3063345E-01 0, 

0* -.1232736E-04 0._ - . 4712389E+00 - .71255X5E-01 

- £>• , -.4026733E+05 .21620U3E+05 .4156372E+04 .2770636E + 01 

— ^•l6.7ifJL4.&£±Q3„ ♦gQm9X9E+g4 .,23.076B6E*0,i 0, _ tl54QOOOE+Ol 

.1030144E+01 .2004919E+00 

* JL ...... 

. r *' 

' ' ' I .•••■.*. . • 

*2400000E »03 -/5850.47S E»01 .23 lfe629E403 » 307J)596E-jll„._0.* 

. 0* ’ ■ .138na55E-04 0, -,4712309 e+00 -.7140409E-D1 

0* -V3614554E+05 .l95l9B7E+05 .3682598E+04 ,3004286E+0i 


_j_2 X 39_2_6 5E»0 3 » 2 0 0 4919 E-»~Q4 . 2334245 E4.Q 1 0„, ^....,•1680 0 0 0 E t b 1 

_ _ ,U23794e+Pl_ : .;20049l9E+qO 

f 26pO_0_OOC>03 «,5 B59944E4-Q 1 . 229965UE4. Q3 _ , 30 8 36 1 2^ - 01. ...P • 

_0._ , .2763908E-U5 0. - , 4712309E+ 00 - .7108813E-01 

... 0. •• _ : . -.. 3 . 265347 E+OS ,1743486E+05 .3212577E+04 .3237935E + 01 

n2,603.l.2.6 g»03,. ■ :>^ 004919E»04 .22907gQE^.Ql 0 , /, _ , •*X620ppOE+01 

.X217443E^ r20649X9E+0 0 

, 2BOOOOOE-«-03 • “.5646S4 7E» 0X . 22B308&E4-03 ,3093851 E - OX 

J . .4478599E"05 0 . - .47X2369E+00 _-.7Xl37flaE-0X 

„P * . * ^ .X536525E + 05 .2745910E + 04 .347X585E+01 

, 3052744E^03 , 2004 9X9E4-04 _,2.X895bBEj:P.l^ „p, ^ ,X96OO0OE+OX 

.13XX093E+0X ,26049X9E+00 
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Table 5.5 (Continued) 


t30U00U0£:4-O3 

.-.5e42722Ef01_ 

.._.2266743E+03 

.3104638E-01 

0. 

0* 

.7388056E-05 

0. 

-.4712309E+00 

-.7092B35E-01 

• 

o. 

-.2395872E+05 

• 133103BE-»-0S 

♦2202511E+04 

.3705234E+01 

.3476757E+03 

.2004919E+04 

.2033785E+OJ. 

0. 

•2100000E401 

.IH04742E+01 

.2004919E+00 




.3200000E4-03 

......58469V7E:t0l 

,.J»2250636E+p3 

.3115367C-01 

0. 

.0. 

.2366360E-05 

0. 

-.47123O9E+O0 

-.7089408E-01 


-#1995476E+05 

• ll27025E-»-05 

•1022522E+04 

.4024273E+01 

•3665I76E+03 

l_s.28547B7E>04_ ' .1833641E+01 

. . .t.l'*3H571E+03_ 

• 224 00 0 0E<f01 

.149e392E+01 

.2B54787E+00 




.3400000E.+03 

-.5B44541E4-D1 

__»22319l|fE±03. 

_ ,3l252l2t;r0l 

Q, 

0, 

.7495426L-05 


-.4712389E+00 

-.7075436E-01 

• 0,, , __ 

-.l597867E+0b 

,924444iE+04 

.1^65635E+04 

.5176639E+01 

.4209242£>03 

.1201407E+05 

.1590172E+01 

_ .l.l„2 1 7 ,o?e t9 

. •23BpOOOEtOl. 

. 159204 lE+Or 

,1201407E4;91 


.3600000E+03 

-tb646138E+01 

.2219350E+03 

.3135695E-01 

0. 

0. V , 

.2721292E-05 , 


-.4712389E+00 

-*7067740E"01 

0. 

-.i2030B0E+05 

.7232799E+04 

.9120365E+03 

.9407635E+U1 

.4501387E+03 

. .5192931E + 05 

.131264BE+01 

.293437DE+04 

■r2520 00 OE + 01 

,l685fe91E+01 

.5192931E+01 



.360 00b0E-f03 

-.5845474E+01 

.22041b7E+03 

.3145112E-01 

0. 

__ 0, ■’ , 

.644534.3E-05 

0. _ 

-,47l2309£tO‘J 

-.70b7l66E-01 


r>.6l09947E + 04 

.5235022E+04 

.4614697E+03 

•1542777E+02 

t473509OE+03 

,'l09a090E-t-06 

.1006079E+01 

_ 223H658E+ 04 _ 

•28bOOOOE+Ol 

.1 77934 OE+01, 

.1098090E+02 ; 
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Tabje 5,3 (Continued) 


. .3O?J.C.P,0t>P3 , -,b645z76E+gi., . .220iai0E+03 ,3m6690E-0l 0. 

0« .S935579E-0S 0, - , 4712389E+ 00 -.70b52mE-01 

0* -.7504b20E+04 .4926593E+04 .39l9179Ef03 •l6l236HE+02 

HZ65iiQ£±ft3 j.ll6.4Z25EtP6 P., 0*„ #268l700E + 0x 

.1793056E+P1 .1164225E+02 
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Table 5.3 (Continued) 

MPJSI: .XONTpUK^GROJUN^ TIUCK.. (QUADRANT <4 ) 


XMAX TMAX 

-,6691HE: + 02 .31500E + 02 

-*6 D067C»02 „.29700E+02_ 

-.63l65E + d2 .2ti4'0l)E+02 

-.61067E+02 .27100E+02 

-.S9011E+02 .25900E+0? 

-.5686bE + 02 ,2‘+700 e: + 02 

-.598HHE+02 .2360GE+02 

_-,52575E+02 .22900E+0? 

-,5045bE+02 ■.21300E+02 

-.46494E+02 .20300E+02 

-.46303E+02 .19200E+02 

-.44273E+02 ,ia200E+02 

-.42022E+02 ♦17100E+02 

_jL.3?939Et02 ,16100E±02_ 

-.37029E+02 .IblOCE+Oa 

-.35696E+02 .14100E+02 

-.33537E+02 .13100E+02 

-.31554E+02 .12200E+02 

-^.29350E+02 .11200E + 02 

-.^•27n?E+02 .10300E + 02_ 

- . ‘252 6 3E + 0 2"“' 9 4 Op iTeVo i 

-.22989E+02 ,84000E+Oi 

-.2088SE+02 ,7bOOOE+Ol 

-.16949E+02 .67000E+01 

-*16792e+02 ,58000e+Oi 

-.14 802E-m2 .49000E+01 

- . 125f3E + 02 "741 0 dqE+ 0 1 

-.10502E+02 .33000E + 0.1 

-.91951E+01 ,2B000E+0l 


XMIN Y(^1N 

-.66514E+02 .31O00E+02 

_.-»63778E4-02 .. ,3l500E + 02 

-.GX485E+02 .30900E+02 

-.59O42E+02 .30100L+02 

-.D6731E+02 .29300E+02 

-.54313E+-02 .28400L + 02 

-.521t9E+02 ,27b00E+02 

-.r>n026E + 02 f,27000E + 02 

-.461X6E+02 .24600E+02 

-.4376XE+02 .2340QE+02 

-•4X209E+02 ,22XO0E+02 

-•39050E+C2 .2XOO0E+02 

-.36G95E+02 .X9B00E+02 

- t34536E+02 ,X8700E+02 

-.32X8XE+02 .X7500E+02 

-.30022E+02 ,X640oL+02 

-•27664E+02 .X5300L+02 

-.25901E+02 .X4300E+02 

-.23742E+02 .13200E+02 

.-.2X5fi3E+02 _ , 12X00E + 02 

-.X962XE + 02 ~,XU00E+02' 

-.X7658E+02 .lOlOOE+02 

••X5695E+02 ,9XOOOt+OX 

-.X3733E+02 ,61000E+01 

.1X770E+02 .7X000E+0X 

.90076E+OX _ ,61000L+Ol 

.80412E+01 " " .B20 00E+0X 

*60786E+OX .420U0E+0X 

t50973E+0i .37000E+0X 



Tabl6 5.3 (Continued) 

NOISE CONTOUR .GROUND JNACk (QUADRANT 3) 


XMAX 

ymax 

xniN 

YMIN 

-.6379HE+02 

,37300E+02 

-.64016E+02 

.36900E+02 

-•^1516e.+02 

_.,,37000E402._. 

-•82214Et02. 

.. .3490ot.+02 

-.59073E+02 

. 3610UE+02 

-.60169E+02 

,33300t+02 

-.S6076E+02 

.3S200E+02 

-.58115E4-02 

. 31800L+02 

-.54616E+02 

.34200E+02 

-.56U0E + 02 

.30400L+02 

-.52443E+02 

.33200E+02 

-.540I3E+02 

♦29000L+02 

-.50339E+02 

.32200E+02 

-.52030E+02 

•27700L+02 

r,‘f6293E + 02 

.31200E+02. 

-.50826E+02 

#27000£+02 

-.46092E+02 

.30100Et02 

-,46116e+02 

•24600L+02 

. . -.HS932E+02 

.29000E+02 

-.437f.lE + 02 

.23400L402 

-.41008E+02 

.27900E+02 

-.41406E402 

, 22200E+02 

.. -,397J,4E+02 

.26800E+02 

-,39n50E+02 

.21000E+02 

-.37649E+02 

.25700E+02 

-.36695E+02 

, 19800L+02 

- ^•35611E+02 

,2'i60QE4-.02_. 

...T.34536E + 02 

, .X8700E + 02 

-.33599E+02 

.23500E402 

-.321ME + 02 

♦17500L+02 

-.31613E+02 

,2240UE+02 

-.30022E+02 

.16400E+02 

-.29451E+02 

.21200E+02 

-.278£,4E + 02 

.X5300E+02 

-.27510E + 02 

.20100E+02 

-♦25901E+02 

.14300L+02 

-.25397E+02 

.10900E+02 

-.23742E+02 

•X3200E+02 

-^23502e+02 

« 17800E.+ 02 

- . PI *iA3r + nP 

_ .X2XOOE+02 
• X lXOOE + 02 

".ai434E+02 

♦16600E+02 

“.1962XE+02 

-.19590E+02 

, 15500E+02 

-*176fi8E + 02 

,XOXOOt+02 

-.17571E+02 

.14300E+02 

“.15695E+02 

♦9XOOOE+OX 

*.15579t+02 

,1.5100e+02 

-«l3733E+02 

.exooot+ox 

-.13617E+02 

, 11900E+02 

-.11770E+02 

.71OO0E+0X 

-...U,686E,+ 02 

, 10700E+02 

*-QPn7tfi.trxni 

...810 0 0L+01 . 
,5200oe+OX 

-,97098E+O1 

.95000E+01 

-.80412E+01 

.-t79346E+01 

♦85O0OE+O1 

-.60766E+01 

.42000E+01 

-,66900E+01 

.75000E+01 

-.50973E+P1 

,37000E+0X 
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Tables 2 and 3 the input data are printed as a chock on tho user's Input 
accuracy. This 1-s followed by a page of headers denoting tho positions 
and dimensions of the output variables as they appear in the printout. Next 
are the'prlntouts of tho output variables themselves at twenty second 
Intervals. Tho final two pages give the ground track coordinates In 
thousands of foot. Because all the 3° trajectories wore similar only 
one set of printouts Is given. The fuel, tlmo and passenger comfort terms 
are Identical. Only the noise term differs. The same Is true also for 
the 6° trajectories. 

The computer execution tlmo averages sixty percent of real time 
l.e. to simulate a 400 second flight trajectory requires approximately 
240 seconds of execution time. Tho cost of the 400 second flight Is 
approximately twenty-five dollars. Our estimato of tho execution time 
required for the backward Integration required by the optimisation 
procedure is twice that of the forward Integration making the cost per 
iteration approximately seventy-five dollars. 

It will be Interesting to see how tho optimum trajectories are 
influenced by factors such as rivers, spots of high population density, 
etc. The plots of the ground track should aid In those Interpretations. 


V I . Futuro Work 


Now •Ihat all tho various modols requirod by iho optimization pro- 
ceduro have been developad and tested the actual trajectory optimization 
can begin. Landing trajectories will be optimized for flights from 
Washington, D. C. Both the 60 degree and the 2^10 degree runway directions 
will be utilized. While the total canputer program is enormous and 
quite expensive to run it is still hoped that sane sensitivity studios 
can ho made. Coefficients on the various terms in tho perfonnance Index 
will be varied and also perhaps variations in the point at which the air- 
craft enters the near terminal area can be considered. 

In addition to Its use In the optimization studies It Is hoped 
that tho aircraft simulation and the performance measure will find 
application In evaluating and comparing non-optimal trajectories which 
tor one reason or another may be worthy of consideration. 
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